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42:274–82.ReplyWe thank Dr. Sharma for the interest in our paper (1) and the
recognition of our work as “a welcome step in the ongoing search
for one-stop cardiac imaging modality.” Dr. Sharma highlights
some of the advantages and limitations of our approach and focuses
on several points that merit discussion.
How did computed tomography perfusion (CTP) and cardiac
magnetic resonance myocardial perfusion imaging (CMR-Perf)
perform among patients with multivessel disease (MVD) or high-
grade stenosis? A signiﬁcant proportion of our patients (n ¼ 20)
had MVD as assessed by fractional ﬂow reserve (FFR). In this sub-
group, CMR-Perf and integrative multidetector computed tomo-
graphy integrated protocol (MDCT-IP) had similar sensitivity
(95%) and performed better than isolated CTP (65%). In patients
with MVD as assessed by quantitative coronary angiography (QCA)
(n ¼ 23), CMR-Perf achieved a per-vessel accuracy of 80%
(sensitivity ¼ 77%; speciﬁcity ¼ 86%) performing better than CTP
(accuracy ¼ 58%; sensitivity ¼ 44%; speciﬁcity ¼ 90%). In patients
with stenoses 70% on QCA (n ¼ 44), CMR-Perf was also
superior, with a per-vessel accuracy of 87%, sensitivity of 81%, and
speciﬁcity of 94% (vs. 71%, 55%, and 89% for CTP, respectively).
Nevertheless, CTP speciﬁcity was very important for MDCT-IP
per-vessel performance in these subgroups (accuracies of 68% and
75%, respectively) as computed tomography angiography classiﬁed
almost all these vessels as either “signiﬁcant disease” or “unevaluable.”
Could the false positive CTP be rather misclassiﬁcations in the
setting of nonobstructive coronaries due to thrombus recanalization
or post-percutaneous coronary intervention (PCI)? Following the
study protocol, patients with known coronary artery disease,
including previous infarction and PCI, were excluded and only the
areas with reversible hypoperfusion were classiﬁed as positive.
While perfusion defects at rest and stress were found in 16 patients,
all of these corresponded to scar (conﬁrmed by late gadolinium
enhancement) and were not considered as a marker for functionally
signiﬁcant coronary artery disease to avoid “an incorrect label of
false positive” in comparison with a functional standard.
While we acknowledge that FFR was only determined in
stenosis >40% and that occasionally abnormal FFR can be found
in vessels with lesser degree of narrowing, this is rare. Similarly,
no FFR was performed in patients with subocclusive stenoses or
with tortuous/calciﬁed/complex lesions, which may induce some
remaining level of inaccuracy. The use of a functional reference is
an important improvement compared to the vast majority of pub-
lished studies. However, FFR is not an optimal reference standard,
as it does not account for the amount of ischemic burden. We also
recognize overlap of segments between coronary territories whena segment-based analysis is used. Having this in consideration, per-
vessel analysis was performed assigning the perfusion segments to
the corresponding vascular territory, as assessed by invasive coro-
nary angiography.
Finally, we support Dr. Sharma’s statement emphasizing the
need for designated CTP software and substantial expertise for
image interpretation, which is still time consuming and observer
dependent. Radiation exposure and the need for medication for
computed tomography angiography are other important limitations
for a generalized use of MDCT-IP. Nevertheless, simultaneous
morphologic and functional analysis is already possible, as we have
shown using a single-source 64-slice generation scanner.*Nuno Bettencourt, MD
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In their recent paper, Dr. Bettencourt and colleagues (1) report
similar accuracy for the detection of coronary artery disease (CAD)
between cardiac magnetic resonance (CMR) perfusion and an inte-
grated computed tomography (CT) perfusion/angiography protocol.
Unfortunately, the authors did not interpret their CMR images
in the standard way (2,3), which may limit the applicability of
their ﬁndings. They state that only areas with ischemia on CMR
perfusion imaging were regarded as positive for CAD and that
patients with late gadolinium enhancement (LGE) scar but no
additional ischemia were classiﬁed as negative for CAD. Thus,
patients with infarction and an occluded or severely stenotic
supplying vessel would be incorrectly classiﬁed as having no CAD
by their CMR protocol. For this reason, areas of LGE in an infarct
pattern are typically interpreted as demonstrating the presence of
CAD (2,3). Becausew16% of the patients in this study had LGE
in an infarct pattern, it would be useful to know the diagnostic
performance of CMR if standard interpretation of LGE were used.
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2006;47:1630–8.ReplyWe are thankful for the interest from Drs. Bauml and Farzaneh-
Far in our paper (1) and the opportunity to provide further
detail of our research. The point highlighted merits discussion
and focuses on an interesting ﬁnding. Considering the presence
of a previous myocardial infarction assessed by late gadolinium
enhancement (LGE) as a marker of signiﬁcant coronary artery
disease (CAD) makes sense for establishing the correct diagnosis.
(2). From the viewpoint of diagnostic accuracy, it has the ad-
vantage of avoiding “false negatives” in patients with infarctions
subtended by occluded or severely stenotic vessels while at the
same time it has the disadvantage of increasing the rate of “false
positives” in the setting of ischemic scar with nonobstructive
coronaries (e.g., due to thrombus with spontaneous resolution).
However, more important than establishing the correct diagnosis
is to inform on the best management strategy (3) a concept that is
vastly underrepresented in the imaging literature. As such, it is
more important to detect ischemia, rather than coronary artery
stenoses, as a stenotic vessel supplying an infarcted territoryTable 1 CMR in Predicting Functionally Signiﬁcant Coronary Artery Disease (
TP TN FP FN Sensitivity
CMR-Perf (reversible ischemia) 39 50 7 5 89 (79–95
CMR-Perf/LGE (ischemic scar
OR reversible ischemia)
39 49 8 5 88 (78–95
Values are n or percentage (95% conﬁdence interval). n ¼ 101, prevalence for coronary artery disease
CMR-Perf ¼ cardiac magnetic resonance myocardial perfusion imaging; FN ¼ false negative; FP ¼ fal
predictive value; TN ¼ true negative; TP ¼ true positive.without remaining ischemia does not require revascularization.
One of the main components for the success of fractional ﬂow
reserve is based on this understanding, despite the fact that
fractional ﬂow reserve does not account for the ischemic burden.
In our study population, there was 1 additional false positive
patient without reduction of the false negatives when scar
was added as a criterion for signiﬁcant CAD (Table 1). While
this observation further supports the noninferiority of an
integrated computed tomography protocol (including angiog-
raphy and perfusion) to a cardiac magnetic resonance myo-
cardial perfusion imaging/LGE approach, it is important to
highlight the importance of scar assessment in this group of
patients. Even though LGE does not improve the accuracy of
perfusion for the detection of signiﬁcant CAD, it does have
important prognostic implications (4) and may impact patient
management.*Nuno Bettencourt, MD
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(%) Speciﬁcity (%) PPV (%) NPV (%) Accuracy (%)
) 88 (80–93) 85 (75–91) 91 (83–96) 88 (79–94)
) 86 (78–91) 83 (73–89) 91 (82–96) 87 (78–93)
¼ 43.6%.
se positive; LGE ¼ late gadolinium enhancement; NPV ¼ negative predictive value; PPV ¼ positive
